by determining the content of sinomenine in different samples, and thus to establish a system to ensure its safe and satisfactory use in clinical practice.
In our current work, fourteen samples of S. acutum var. cinereum and eleven samples of S. acutum from diverse growing regions and eighteen samples of Caulis Sinomenii from wholesale herbal markets in China were collected for quantitative determination of sinomenine contents. All samples were authenticated as genuine Caulis Sinomenii before being used. Because the Chinese Pharmacopoeia (2000 edition) stipulates that only Caulis Sinomenii material with stem diameter of 0.5 to 2.0 cm can be used for clinics, 1) a comparative assessment of the sinomenine contents of the herbs with stem sizes of Ͻ1 cm, 1-3 cm and Ͼ3 cm diameter of stems was also conducted.
Regarding quantitative determination of sinomenine in plant material, several technologies, including TLC densito- Caulis Sinomenii is the dried plant stems of Sinomenium acutum and Sinomenium acutum var. cinereum and has been used in Chinese medicine for treating rheumatic diseases for over a thousand years. Previous studies have demonstrated that sinomenine is a major active constituent in both plants and can be utilized as an indicator of quality of the medicinal herb Caulis Sinomenii. Currently, S. acutum and S. acutum var. cinereum are growing over a wide geographical range in China, with equally wide variations in growing conditions. The objectives of this research were to determine whether there were difference between the species and varieties, and whether the different growing conditions could result in different quality by determining the content of sinomenine in different samples. A modified HPLC method using a diode array detector (DAD) has been developed for efficiently quantifying sinomenine in the plants. Using this method, fourteen samples of S. acutum var. cinereum and eleven samples of S. acutum from growing regions as well as eighteen herbal samples of Caulis Sinomenii from wholesale herbal markets were evaluated. The results showed that there was no marked difference in the content of sinomenine between the species and varieties collected from growing regions; however, a very large variation was found among the samples collected from different regions. Moreover, the content of sinomenine in the plants of large size (stem diameterϾ3 cm) was much higher than those of small size (stem diameterϽ1 cm). This implies that the growing region has greater impact on the quality of Caulis Sinomenii in terms of the content of sinomenine than the species and varieties. The results also showed that the content of sinomenine in commercial Caulis Sinomenii was markedly lower than that in the plants collected directly from growing regions. This suggests that to obtain the herb with higher content of sinomenine and thus ensure greater efficacy, both in clinical applications and in pharmacological investigations, the plant of Caulis Sinomenii with controlled stem size collected directly from growing regions is preferable.
Quantification of Sinomenine in Caulis Sinomenii
metry, HPLC and isotachophoresis, have been tried. [11] [12] [13] [14] Results of these efforts have not been satisfactory because the peak of the alkaloid sinomenine could not be completely separated from other chemicals in the plant, and because the shape of the sinomenine peak was asymmetric. Moreover, the conditions for alkaloid extraction and identification were not established. This work corrects these deficiencies by establishing a modified HPLC system that yields a reliable, quantitative determination of sinomenine in dried plant samples.
MATERIALS AND METHODS

Materials and Reagents
Eighteen samples of the raw material of Caulis Sinomenii were purchased from wholesale herbal markets and twenty-five samples of S. acutum and S. acutum var. cinereum were collected from the growing area in Shanxi, Anhui, Hubei provinces and Chongqing city of China. In brief, the whole collection method was as follows: in the filed, after the S. acutum plants had been identified, the stems were collected and cut into a 20 cm-long sample from the plant, the stems from same plant were further divided into three groups according to the diameter, i.e., less than 1cm, between 1 and 3 cm, and larger than 3 cm. All of samples were assigned a unique number so as to identify the growing area and stem size. After collecting from the filed, all samples were dried with warm air (50°C) blow until the water content reached at 8. HPLC System The HPLC system was Agilent1100 series that equipped with a photodiode array detector (DAD). An Alltima C 18 analytical column (250 mmϫ4.6 mm, 5 mm, Alltech Associates, Inc. U.S.A.) coupled with a C 18 guard column (7.5 mmϫ4.6 mm, 5 mm, Alltech Associates, Inc. U.S.A.) was used at room temperature of 20°C. The mobile phase was a mixture of water and acetonitrile (containing 0.5% triethylamine) (72 : 28, v/v) at a flow rate of 1.0 ml/min. The detection wavelength was set at 262 nm. The injection volume was 5 ml.
Standard Solution A stock solution of sinomenine was prepared at a concentration of 0.644 mg/ml in 50% ethanol. The stock solution was diluted in 2 ml volumetric flasks to yield a series of standard solutions with concentrations of 0.0805, 0.161, 0.322, 0.483 mg/ml for method validation of linearity.
Evaluation of Extraction Efficiency
The extraction solvents and time were selected and determined according to the extraction efficiency of sinomenine in raw materials. Each of the samples was extracted by ultrasonication for 60 min with 10 ml of either 30% ethanol, 50% ethanol, 70% ethanol, 95% ethanol or methanol. The optimal extraction time was determined by trials at 20, 30, 40, 50, 60 and 70 min with 70% alcohol.
Sample Pretreatment Based on the results of preliminary trials, an optimized sample pretreatment method was designed. The dried samples were pulverized (CERT-04, FARGO, China) until all of resulting powder passed through sieve No. 3 (internal diameter: 355Ϯ13 mm) to obtain fine sample powder. Each of the fine powdered samples (ca. 0.5 g) was then extracted twice with 10 ml of 50% ethanol using an ultrasonicator (1875HTAG, CREST, U.S.A.) for 60 min at 40°C each time. After centrifugation at 3000 rpm for 10 min, the supernatant was transferred into a 25 ml volumetric flask and was adjusted to the volume with 50% ethanol. Finally, the solution was filtered through a 0.45 mm membrane, and the filtrate was subjected to chromatographic analysis.
Chromatographic Procedures The chromatography system was equilibrated by the mobile phase. When the reproducibility was good based on repetitive injections of standard solution (not less than 3 times), separation of the sample could then be carried out. The data were obtained and processed with the software of Chemstation for LC3D (Hewlett Packard, U.S.A.). The average result of two prepared samples was reported.
RESULTS AND DISCUSSION
Evaluation of Extraction Method
Results of preliminary extraction trials indicated that 60 min for extraction was best, assuming extraction solvent of 70% ethanol as recommended by the Chinese Pharmacopoeia (edition 2000), 1) ( Table 1 ). Using 10 ml of 50% ethanol as the extraction solvent yielded the most sinomenine, when samples were ultrasonicated for 60 min ( Table 2 ). The efficiency extracting sinomenine was investigated by repeated extraction. The samples were extracted four times with 10 ml of 50% ethanol using an ultrasonicator for 60 min at 40°C each time; with this protocol, the cumulative extraction rate of sinomenine reached 96.23% after the first two extractions. Based on these results the procedure of extracting for 60 min twice with 50% ethanol was deemed optimal for efficient extraction of sinomenine from the raw materials.
Selection of Mobile Phase
To find the optimal elution conditions, a mobile phase system of acetonitrile, triethylamine and water was investigated. In the first trial, the proportion of acetonitrile (containing 0.2% triethylamine)/water was set to 30 : 70. With this ratio, the separation of the chromatographic peaks was not complete and a small peak was found attached to the sinomenine peak (Fig. 2) . Therefore, the mobile phase needed to be modified. When the concentration of triethylamine was increased to 0.5%, the separation of sinomenine was improved. Then, when the proportion of acetonitrile (containing 0.5% triethylamine)/water was changed to 28 : 72, a complete separation of sinomenine from other chemical compounds in the plant samples was successfully achieved (Fig. 3) . These results indicate that both the proportion of acetonitrile to water and the amount of triethylamine in acetonitrile play a key role in the separation of sinomenine in the plant samples.
Method Validation The proposed method for quantitative analysis of sinomenine was validated in terms of linearity, accuracy, repeatability and stability when compared with standard sinomenine.
Linearity was examined with a standard solution prepared in the range of 0.0805-0.644 mg/ml of sinomenine. The linear relationship between the concentrations (mg/ml, x-axis) and peak area ratio (y-axis) was expressed by the following equation: yϭ4721.8xϪ11.068. The correlation coefficient was 0.9998 and the calibration curve was a straight line.
The accuracy was confirmed by performing a recovery experiment, where one sample was spiked with known amounts of sinomenine. The recovery rates ranged from 95.87 to 98.99%, and the relative standard deviation (RSD) was 3.78%.
Repeatability was investigated by analyzing five individual samples on the same day; the RSD of the results was 4.33%. The reproducibility of injection was evaluated by five replicated injections using the standard solution, and the RSD was 0.13%. Stability was determined with the above same plant sample solutions as well as with the standard solution of sinomenine at time intervals of 2, 4, 8, 12, 16, 24 h; the RSD of the results was 2.59%. The limit of detection that was defined as 3 times of noise was 0.8416 mg/l. These data indicate that this protocol fulfills the requirements for a validated HPLC method.
Comparison of Sinomenine Content in Caulis Sinomenii
Collected from Different Regions The content of sinomenine in the eleven samples of S. acutum and fourteen samples of S. acutum var. cinereum with different stem diameters collected from different geographic areas were determined using the above developed HPLC method (Table 3) . Because both S. acutum and S. acutum var. cinereum are recorded in the Chinese Pharmacopoeia and can be used in clinical practice, the sinomenine content in both of these two plants was determined. In commercial herbal markets, there are different sizes of Caulis Sinomenii with variation in stem diameter, with a most frequent range in size between 1-3 cm. Furthermore, as defined in the Chinese Pharmacopoeia, only samples of 0.5-2 cm can be used. Therefore, in the current work we determined the contents of sinomenine in plants of three size categories: Ͻ1 cm, 1-3 cm, and Ͼ3 cm. The results (Table 3) indicate that, for species and variety, the average sinomenine content in stems with diameter Ͼ3 cm was markedly higher than in smaller plants. Although there was no marked difference in the average content of sinomenine between the two kinds of plants from the same region, there was a big variation in sinomenine content among the plants from different areas for both S. acutum var. cinereum and S. acutum. Previous work done by others reported that the content of sinomenine in S. acutum var. cinereum was higher than that in S. acutum. 15) Those results have not been confirmed by our current investigations. Our above results indicate that both S. acutum and S. acutum var. cinereum are equivalent for clinical application, which is in line with the recommendation for the plants in the Chinese Pharmacopoeia. Instead, our results indicate that the geographical source of the plants is more important than species' variety. Calculated from Table 3 , the content of sinomenine in collected plants from different areas were 0.93Ϯ0.71% (Anhui), 1.16Ϯ0.53% (Hubei) 1.04Ϯ0.57% (Shanxi) and 0.43Ϯ0.31% (Chongqing), respectively. The contents of sinomenine in the plants collected from Chongqing were significantly lower than that from the other three areas. At the same time, the contents of samples from Chongqing were also lower than the lower limit of sinomenine stipulated in Chinese Pharmacopoeia (Edition 2000). Therefore, plants from Anhui, Hubei and Shanxi provinces should be strongly recommended for use as medicine.
Comparison of Sinomenine Content of Caulis Sinomenii Collected from Wholesale Herbal Markets Eighteen samples of Caulis Sinomenii that were collected from wholesale herbal market and could not be specifically identified as either S. acutum or S. acutum var. cinereum were analyzed for sinomenine content. The results, as shown in Table 4 , indicate that the average content of sinomenine (0.69Ϯ0.29%) in commercial herbs was significantly lower than that (0.93Ϯ0.61%, the average value of all measured data in Table 3 ) in the plants samples collected from growing regions. Because stem size was controlled, the variation of sinomenine content would be attributed to other factors, such as climate, growing conditions, seasons of collection, time of harvest, processing conditions, and storage conditions, etc. In any case, these results suggest that plants carefully selected and processed are likely to have higher sinomenine content than those found in wholesale herbal markets.
In conclusion, a convenient and reliable HPLC method using a DAD detector has been developed in our laboratory for quantitative analysis of sinomenine content in the plant of Caulis Sinomenii. This analytical method was validated by its good linearity, accuracy, precision and stability. Utilizing this technology, we have successfully determined the content of sinomenine in forty-three samples of the plants. The results showed no marked difference in sinomenine content between the plants of S. acutum var. cinereum and the S. acutum collected from same growing regions. However, there was a very large variation in the content of sinomenine among the plants from different regions. This implies that the growing region has greater impact on the quality of Caulis Sinomenii in terms of the content of sinomenine than the species and varieties. Moreover, the content of sinomenine in the bigger stems was much higher than that in the smaller stems, and the content of sinomenine in commercial Caulis Sinomenii was markedly lower than that in the plants collected directly from growing regions. This suggests that to obtain the herb with higher content of sinomenine and thus ensure greater efficacy, both in clinical applications and in pharmacological investigations, the plant of Caulis Sinomenii with controlled stem size collected directly from the growing regions is 108 Vol. 28, No. 1 
